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ABSTRACT 
A 55-MWe p o w e r  p l a n t  i s  planned for developnent i n  the Baca l o c a t i o n  
i n  t h e  Jemez Mountains of New Mexico. Union Geothermal has  con t r ac t ed  
to  provide the steam for the p o w e r  plant.  This paper uses  Baca W e l l  
No.  1 3  as  a case h i s t o r y  t o  desc r ibe  t h e  d r i l l i n g  methods, c a s i n g  
program, cementing program, and completion methods used by Union. The 
d iscuss ion  inc ludes  aerated-water d r i l l i n g  and the methods of so lv ing  
cor ros ion  problems i n  aerated w a t e r .  Lost c i r c u l a t i o n  c o n t r o l  i n  mud 
d r i l l i n g  and i ts  e f f e c t  on t h e  subsequent cas ing  cementing program are 
d i scussed .  
T h e  paper also includes a case h i s t o r y  of  scale removal methods used 
i n  Baca W e l l  No.  11, including d r i l l i n g  t h e  scale o u t  w i t h  a t u r b o -  
d r i l l  and attempts a t  chemical i n h i b i t i o n .  
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INTRODUCTION 
This paper descr ibes  t h e  methods t h a t  are cur ren t ly  used 
t o  dr i l l , -comple te  and maintain geothermal w e l l s  i n  Baca, New 
Mexico. FIGURE 1 shows the  general  locat ion of t h e  Baca f i e ld  [l]. 
FORMATION CHARACTERISTICS 
Some general  understanding of t h e  geology and f l u i d  character-  
istics i s  required t o  understand our  d r i l l i n g  and completion 
prac t ices  %[1]. FIGURE 2 shows a generalized cross  sec t ion  through 
t h e  Valdez Calera, and FIGURE 3 shows a pressure and temperature 
v e r s i s  depth p l o t  121. 
Most w e l l s  have casing set i n t o  t h e  top of  the  thermal anomaly 
i n  t h e  Bandalier Tuff, and produce from t h e  Bandalier Tuff or  
a combination of Bandalier Tuff and Andesite. The better w e l l s  
produce from na tura l  f r ac tu res  i n  t h e  Tuff and/or Andesite. 
The pressure and temperature versus depth p l o t s  show t h a t  
The underpressured, but  water dominated condition 
t h e  reservoi r  i s  underpressured, compared t o  hydrostat ic ,  by 600 
t o  900 ps i  ( the  reservoi r  pressure i s  1206 p s i  a t  4500' above 
sea l e v e l ) .  
of t h e  reservoir r e s u l t s  i n  severe lost  c i r cu la t ion  problems, 
which is why w e  have had t o  use a i r  a s s i s t ed  d r i l l i n g  fluids. 
Fortunately,  t h e  produced w a t e r  i s  r e l a t i v e l y  benign chemically. 
TABLE 1 [2]  gives  a generalized chemical ana lys i s  of t h e  produced 
w a t e r .  Produced water i s  t h e  primary source of  water f o r  t h e  
d r i l l i n g  r i g s ,  and t h e  only source of w a t e r  for the  d r i l l i n g  muds. 
The production w e l l s  themselves have experienced very few problems, 
but t h e r e  has been one instance of calcium carbonate scale buildup. 
DRILLING METHODS 
The d r i l l i n g  is broken i n t o  two  par ts :  I) surface through 
t h e  las t  cemented casing, and 11) from t h e  last  cemented casing 
t o  t o t a l  depth.. There i s  a d i s t i n c t  difference between t h e  d r i l l i n g  
prac t ices  and t h e  problems i n  hole sect ions I and 11, due t o  a 
change i n  philosophy about  how lost  c i r cu la t ion  should be handled. 
I n  sec t ion  I,  w e  work toward el iminat ing lost  c i r cu la t ion ,  w h i l e  
i n  sec t ion  I1 (the production zone), w e  worry about damage t o  
the  lost  c i r cu la t ion  zones. 
I. Surface Throuqh t h e  L a s t  Cemented Casing 
FIGURE 4 shows a schematic of  t h e  w e l l b o r e  completion. The 
w e l l s  are usual ly  spudded i n  rhyol i te  or caldera  f i l l .  
hole  i s  d r i l l e d  t o  200 t o  500 f e e t  with mud, and then opened t o  
26". After  20" casing is  cemented, 17%" hole  is d r i l l e d  t o  about 
1500', where 13-3/8" casing is  cemented. 
t o  t h e  top  of the  reservoi r  (2500' t o  4000 ' ) .  
d r i l l i n g  program fo r  Phase I, which sounds simple, but  i s  associated 
with many problems. 
A 17%" 
12%" hole is then d r i l l e d  
This i s ' t h e  basic 
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Mud Program 
The mud program is  a gel-lime or  gel-Ben-X produced w a t e r  
system. An example of t h e  p r o p e r t i e s  are shown i n  TABLE 2. D r i l l  
p ipe  cor ros ion  i s  c o n t r o l l e d  wi th  oxygen scavengers i n  t h i s  par t  
of t h e  hole. The p r o p e r t i e s  are c o n t r o l l e d  t o  maintain adequate 
hole c l ean ing  and s u f f i c i e n t  f l u i d  loss c o n t r o l  t o  avoid problems 
i n  some of t h e  upper permeable zones. Since there are f e w  hole 
problems encountered i n  t h i s  p a r t  of t h e  hole t h a t  are mud related 
(no swe l l ing  c l a y s ,  etc.) hole c l ean ing  and some f l u i d  loss c o n t r o l  
a t  minimum cost are a l l  t h a t  i s  requi red  of t h e  mud. 
of t h e  l o s t  c i r c u l a t i o n  problems, a l o w  cost mud is  desireable 
t o  keep overall  costs down. 
W 
Because 
Lost Ci rcu la t ion  
L o s t  c i r c u l a t i o n  is  t h e  major time consuming and c o s t l y  problem 
encountered a t  Baca. I n  Baca, as i n  a l l  geothermal areas, competent 
cementing of t h e  cas ing  is a p r e r e q u i s i t e  t o  having a useable 
w e l l  when w e  f i n i s h  d r i l l i n g  t h e  hole. 
t augh t  us  t h a t  poorly cemented cas ing  cannot survive t h e  thermal 
stress c y c l e s  t h a t  a geothermal w e l l  must go through, and very 
poorly cemented cas ing  cannot surv ive  even one thermal shock. 
This is discussed  i n  more de ta i l  later,  but  for o u r  purposes here, 
w e  cons ider  it imperat ive t h a t  a l l  lost  c i r c u l a t i o n  be cured before 
at tempting t o  cement cas ing  i n  t h e  w e l l .  
The usua l  los t  c i r c u l a t i o n  materials are used i n  t h e  first 
at tempts  (mica, walnut h u l l s ,  sawdust, etc.). I f  the  Loss is 
occuring t o  larger fractures (desirable i n  t h e  production zone, 
bu t  no t  here), t h e  common lo s t  c i r c u l a t i o n  materials usua l ly  are 
unsuccessful  o r  o n l y  p a r t i a l l y  successfu l .  Under t h e s e  circum- 
s t ances ,  cementing of t h e  los t  c i r c u l a t i o n  i n t e r v a l s  has been 
t h e  only  reliable cu re  w e  have found so f a r ,  al though we have 
experimented w i t h  numerous other "cures" . 
of t h e  cost of t h e  cement, but mostly because of t h e  t i m e  consumed 
i n  t r i p p i n g  o u t  and back i n  w i t h  open d r i l l  p ipe ,  wai t ing  for 
the cement t o  harden, and t r i p p i n g  again t o  p ick  up a b i t  t o  d r i l l  
o u t  t h e  cement. Frequently,  more t h a n  one cement plug may be 
required.  
los t  c i r c u l a t i o n  zone, bu t  occas iona l ly  one of t h e  following problems 
c o n t r i b u t e s  t o  t h e  lack of success. 
1. 
B i t t e r  experiences have 
Cementing lo s t  c i r c u l a t i o n  zones is  c o s t l y ,  p a r t l y  because 
Usually t h i s  i s  due t o  the  s i z e  and s e v e r i t y  of t h e  
D i d  n o t  account for where t h e  f l u i d  level w a s  and overdisplaced 
' t h e  cement plug. 
I 2. Pressured up on t h e  cement p lug  too soon b y " f i l 1 i n g  the  hole 
and by pushing all the cement away (this is a problem in severe 
I lost  c i r c u l a t i o n  zones). ~ 
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3. D i d  not push any cement back i n t o  the  formation. The only cement 
w a s  i n  t he  wellbore, so c i r cu la t ion  w a s  los t  when t h e  plug w a s  
you can see there-is a judgement fac tor  between 12 and #3. 
f requent ly  a problem i n  geothermal. 
which i s  hot. However, t h e  loss of c i r cu la t ion  has cooled the  
hole  enough t h a t  t he  cement then takes longer t o  set up. 
i n g  o u t  too soon w i l l  f requent ly  r e s u l t  i n  taking 2 4  hours t o  
solve t h e  lost  c i r cu la t ion  problem instead of saving three or 
four . 
d r i l l e d  out  ( t h i s  is usual ly  a problem i n  seepage zones). As u 
4. D i d  not w a i t  long enough for t h e  cement t o  harden. This  is  
W e  Yetard t h e  cement for 
- t h e  temperature w e  are "worried" about - t h e  formation temperature 
D r i l l -  
The cement used f o r  these plugs is usual ly  a 1:l perlite-"G" 
or "H" cement w i t h  appropriate retarders. W e .  attempt t o  d r i l l  enough 
rat  hole without re turns  t o  assure t h a t  w e  can get back t o  t h e  lost  
c i r cu la t ion  zone w i t h  the  cement. 
Direct ional  Dr i l l i nq  
Due to the steep topography and for environmental considera- 
t i o n s ,  more than one w e l l  is d r i l l e d  from a s i n g l e  locat ion,  and 
the  w e l l s  are d i r ec t iona l ly  dril led t o  the  t a r g e t s  selected by the  
geologist .  Beside t h i s  i n i t i a l  reason for d i r ec t iona l  d r i l l i n g ,  
there is  a secondary reason. The productive f r ac tu res  a t  Baca have 
proved t o  be elusive a t  t i m e s ,  and required t h a t  t h e  hole be side- 
tracked and redrilled toward another l i k e l y  prospect t o  obtain a 
productive w e l l  . 
W e  have had both good success and dismal failure w i t h  both types 
of equipment, which may indica te  t h a t  r e l i a b i l i t y  is mre a function 
of t he  organizat ion handling the  tools  than t h e  equipment itself. 
However, w e  have*tended to  s tay ,  and had good success w i t h  tu rb ines  
when t h e  temperatures increased. 
work i n  t h e  12%" hole, but occasional ly  w e  have done d i r ec t iona l  
work i n  t h e  8-3/4" hole,  either t o  sidetrack or  t o  make a las t  minute 
correct ion t o  t h e  holes direct ion.  This has occasional ly  resu l ted  
i n  doing d i r ec t iona l  work w i t h  aerated w a t e r  or  without re turns ,  
but it has been successful ly  accomplished. 
I n  general ,  t h e  turbings and mud motors are not as reliable 
as  we would l i k e  them t o  be, and t h e  high r p m  of these t o o l s  r e s u l t s  
i n  a very short  b i t  life. 
t o  successful ly  complete ou r  d i r ec t iona l  work. 
there is room for improvement i n  t h i s  area because the costs are 
high. 
O u r  d i rec t iona l  work is done w i t h  e i ther  mud motors or turbines .  
W e  do m o s t  of our d i r ec t iona l  
However, these t o o l s  have allowed us 
W e  j u s t  f e e l  tha t  
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Blowout Preventers  
The blowout preventer  s t a c k  i s  shown i n  FIGURE 5. W 
11. From t h e  L a s t  Cemented Casing t o  T.D. 
Various methods have been tr ied a t  Baca to  d r i l l  the product ive 
i n t e r v a l ,  
A i r  d r i l l i n g  w a s  t r i e d ,  bu t  ho le  s t a b i l i t y  and l a rge  w a t e r  
i n f l u x e s  usua l ly  prevented success fu l ly  reaching  t h e  t a r g e t ,  and 
t h e  combination o f  a i r  and produced water r e s u l t e d  i n  r ap id  d r i l l  
s t r i n g  and cas ing  corrosion.  
problems and f requent ly  t h e - w e l l  had t o  be d r i l l e d  without r e t u r n s .  
The problems encountered i n  d r i l l i n  i t h o u t  r e t u r n s  o f t e n  prevented 
t h e  w e l l  from reaching  t h e  desired a t i o n ,  but  more important ly ,  
a l l  t h e  mud and c u t t i n g s  w e r e  l o s t  i n t o  the  productive f r a c t u r e s  
where it is  believed they  s e r i o u s l y  impaired t h e  w e l l s  p roduc t iv i ty .  
.The c u r r e n t  p r a c t i c e  a t  Baca  is  t o  d r i l l  o u t  o f  t h e  shoe 
of t h e  9-5/8" cas ing  wi th  a i r  u n t i l  s u f f i c i e n t  water i n f l u x  occurs 
t o  r e q u i r e  switching t o  an aerated water system. The w e l l  i s  
then  d r i l l e d  t o  T . D .  us ing  an aerated water system. 
The major problems w i t h  an aerated w a t e r  system are balancing 
t h e  air-water ra t io  and i n h i b i t i n g  t h e  d r i l l  p ipe  co r ros ion  (which 
also affects the  i n t e g r i t y  o f  your cas ing  s t r i n g s ) .  
Corrosion I n h i b i t i o n  , 
Stra ight  mud d r i l l i n g  r e s u l t e d  i n  s e r i o u s  los t  c i r c u l a t i o n  
I n  t h e  i n i t i a l  aerated w a t e r  d r i l l i n g  tests t h e  co r ros ion  
rates w e r e  unacceptably high, approaching 2 4 # / f t  1 /yr..  W e  found 
that  combining p H  control with a proprietary inh ib i tor ,  Unisteam, 
c o n t r o l l e d  m o s t  o f  t h e  co r ros ion  problems. The OH' ion  i s  known 
t o  be a good oxygen cor ros ion  i n h i b i t o r ,  and w e  found t h a t  i f  
t h e  pH w a s  kept  above 10.5 t o  11.0,  cor ros ion  could be c o n t r o l l e d  
t o  an acceptab le  2 # / f t 2 / y r .  o r  less when used i n  combination w i t h  
Unisteam. These cor ros ion  rates are based on co r ros ion  coupons 
placed i n  t h e  d r i l l  s t r i n g .  
of t h e  chemistry of t h e  produced w a t e r  (when d r i l l i n g  wi th  an 
aerated system, you are d r i l l i n g  underbalanced and f o r m  
are e n t e r i n g  t h e  c i r c u l a t i n g  system, so t h e  chemistry o 
l u i d  r a p i d l y  becomes t h e  same as t h e  produced 
he  produced f l u i d s  are r e l a t i v e l y  benign (see TABLE 
1 1 ,  and i n h i b i t i o n  can be obta ined  wi th  a combination of  Unisteam 
and pH c o n t r o l  under m o s t  circumstances. However, o u r  a t tempts  
t o  extend t h i s  method t o  o t h e r  a r e a s  wi th  d i f f e r e n t  water chemis t r i e s  
has not always been success fu l ,  and w e  have f r equen t ly  had t o  
make major changes i n  t h e  chemistry i n  order t o  o b t a i n  i n h i b i t i o n .  
The chemical requirements are a func t ion  
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Even a t  Baca, t h e  water chemistry w i l l  vary s l i g h t l y  f r o m  w e l l  
t o  w e l l ,  and occasionally we have high corrosion rates (4 -6# / f t  /yr.) 
for short periods of t i m e  because we did not an t i c ipa t e  these  
changes. 
encountered has been reduced by continuously monitoring pH,.bulk 
mixing caus t ic ,  and using chemical pumps t o  continuously treat  
t h e  d r i l l i n g  f l u i d  w i t h  c aus t i c  t o  maintain t h e  desired pH as 
indicated by t h e  monitoring system. 
up t o  4000#/day), t h e  Unisteam is added to  t h e  a i r  stream. The 
normal Unisteam treatment is to  dissolve 30 gal lons of  Unisteam 
i n  10 bbls of w a t e r  and i n j e c t  it i n t o  t h e  a i r  stream a t  a rate 
of 2 gallons/rninute. W e  have a l so  found it bene f i c i a l  t o  add 
30 gal lons of ammonium hydroxide t o  t h i s  mixture as w e l l .  
The ammonium hydroxide w a s  added a f t e r  w e  noted t h a t  t h e  
u 
The number of times t h a t  high corrosion rates have been 
While t h e  caus t i c  i s  added t o  the  c i r cu la t ing  f l u i d  (at levels 
t o p  400 t o  1000' of t h e  d r i l l  pipe appeared corroded on t h e  outs ide,  
even though t h e  r ing  coupons on t h e  ins ide  showed no excessive 
corrosion. W e  came up w i t h  t h e  following explanation for t h i s  
ex terna l  corrosion. A s  i s  frequent ly  the  case i n  aerated water 
d r i l l i n g ,  there is  a period of time involved i n  es tab l i sh ing  continu- 
ous c i r cu la t ion  during which there are no returns ,  except p a r t  
of t he  air. 
15 minutes t o  hours i n  length. During t h i s  time, w a t e r  vapor 
is  carried up t h e  annulus f r o m  t he  surface of t h e  f l u i d  level 
by t h e  a i r  t h a t  i s  channeling through t h e  w a t e r .  
vapor condenses on the  outs ide  of t h e  pipe which i s  cooled by 
t h e  f l u i d s  t r ave l ing  down the  in s ide  of the  d r i l l  pipe. 
t h i s  is  condensed w a t e r  vapor, it has a neut ra l  pH and no i n h i b i t i v e  
chemicals. 
t h i s  w a t e r  layer  causing rapid corrosion. With t h e  addi t ion of 
ammonium hydroxide, some of t h e  ammonia i s  carried along w i t h  
t h e  w a t e r  vapor and a i r ,  and when t h e  w a t e r  vapor condenses on 
the  pipe,  t h e  ammonia dissolves  i n  t h e  w a t e r  providing the  necessary 
corrosion inhibi t ion.  The addi t ion of ammonia a t  Baca has prevented 
excessive exterior corrosion a t  the  top of t h e  d r i l l  pipe. 
T h i s  period of non-circulation can be anywhere f r o m  
This  warm w a t e r  
Since 
Consequently, t h e  a i r  passing by d i f fuses  oxygen i n t o  
Balancins t h e  A i r - W a t e r  System 
Balancing an air-water d r i l l i n g  system i s  a t  i ts  best an 
a r t  whose success lies w i t h  t h e  experience and dedicat ion of t h e  
people a t  t h e  cont ro ls  - primari ly  t h e  d r i l l e r  and t h e  compressor 
operator.  
depths or methods of a t t a in ing  c i rcu la t ion .  A l l  I can o f f e r  is 
a review of what w e  do and why, and the  things the  driller uses 
t o  help him decide the  air-water r a t i o s  t o  use. 
W e  have successful ly  d r i l l ed  both w i t h  andcwithout jet subs. 
A jet sub is a b i t  je t  nozzle mounted i n  a d r i l l  pipe sub which 
allows pa r t  of t h e  a i r  and w a t e r  t o  e x i t  some distance above t h e  
There are no firm f ixed air-water ratios, jet sub s e t t i n g  
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b i t  t o  make it easier to  e s t a b l i s h  c i r c u l a t i o n .  When jet subs 
are used, t hey  are usua l ly  placed about 5 O O c  below t h e  f l u i d  level.' 
The a i r  e x i t i n g  t h e  je t  sub then  he lps  l i f t  t h i s  500' column of 
w a t e r  and e s t a b l i s h  c i r c u l a t i o n .  
O u r  normal mode of  o p e r a t i o r i d s  t o  use the  e n t i r e  capac i ty  
of e i t h e r  one or t w o  compressors, and then  a d j u s t  t h e  air-water 
ra t io  by inc reas ing  or  decreasing t h e  f l u i d  pump rate. This  is 
t h e  easiest method of ope ra t ion  f o r  t h e  dr i l ler ,  because he has 
t h e  pump c o n t r o l s  a t  h i s  s t a t i o n ,  whi le  t h e  a i r  c o n t r o l s  are o u t  
by t h e  compressors. 
t o  1200 scfm a t  t h e  e l e v a t i o n s  t h e y  ope ra t e  a t  i n  Baca. A i r -  
w a t e r  rat ios vary  dramat ica l ly ,  bu t  60:l i s  probably a good start- 
i n g  guess. 
based on how t h e  w e l l  performs. I f  he is  having t r o u b l e  keeping 
t h e  w e l l  c i r c u l a t i n g ,  he w i l l  i n c r e a s e  t h e  air:water ra t io  (decrease 
t h e  pump rate) ,  and i f  c i r c u l a t i o n  becomes too v i o l e n t ,  he w i l l  
decrease t h e  air:water ra t io  ( inc rease  t h e  pump rate) .  
The compressors we are using put  o u t  1100 
The dri l ler  must then  a d j u s t  t h i s  ra t io  up or down 
- 
Since w e  are b a s i c a l l y  d r i l l i n g  under blowout cond i t ions ,  
t h e  air:water ra t io  i s  a continuously changing quan t i ty .  When 
c i r c u l a t i o n  is  i n i t i a t e d ,  t h e  water i s  r e l a t i v e l y  cool, and no 
production has, been encountered. Therefore,  a high air:water 
ra t io  is  requi red  t o  overcome t h e  underbalanced reservoir cond i t ion  
(see FIGURE 3 ) .  A s  w e  d r i l l  deeper and encounter productive f r ac -  
t u r e s ,  hot  produced f l u i d  e n t e r s  t h e  wel lbore  and p a r t  of t h i s  
f l u i d  flashes t o  s t e a m ,  which usua l ly  inc reases  t h e  gas: l i q u i d  
ra t io  i n  t h e  annulus. The i n l e t  gas: l iquid ra t io  must then  be 
decreased t o  counterac t  t h e  i n c r e a s e  t h a t  occurs i n  t h e  annulus 
due t o  t h e  produced f l u i d .  
dictable or r e a d i l y  measureable, w e  must r e l y  on t h e  experience 
of o u r  personnel  t o  handle t h e  necessary changes i n  air:water 
ratios . 
Since  t h e s e  changes are n e i t h e r  pre- 
Our normal mode of ope ra t ion  involves  the use  of one compressor 
(1100 t o  1200 s c f m ) ,  but  occas iona l ly  t w o  compressors are requi red  
(or something between 1100 and 2400 scfm). The e x t r a  gas capacity 
is  r equ i r ed  t o  c l ean  t h e  hole  
or h ighe r  gas : l iqu id  ratios a: 
least 150 gpm of l i q u i d  for  Ci 
r a t ios  need t o  exceed 60:1, t l  
W e  also occas iona l ly  encounte! 
more c a r r y i n g  capac i ty  t o  keel 
i l i z e s .  The extra ca r ry ing  Ci 
both t h e  a i r  and l i q u i d  in jec l  
of them. 
I n i t i a l l y  it would not  a1 
high as  60:l  would be r equ i r e (  
However, s i n c e  t h i s  is an a i r :  
convent ional  air:mud systems, 
because o f  an incompetent zone- 
e required.  W e  l i k e  t o  keep a t  
r r y i n g  capac i ty ,  so i f  gas : l i qu id  
en t w o  compressors are required.  
an incompetent zone which r e q u i r e s  
t h e  hole  c l ean  u n t i l  t h e  zone stab- 
pac i ty  can be obta ined  by i n c r e a s i n g  
ion  rates, usua l ly  doubling both  
pear t h a t  a i r : l iquid ra t ios  as 
water system r a t h e r  t han  t h e  more 
it is not  as e f f i c i e n t .  The l o w  
- 
based on t h e  bottom ho le  pressures .  
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v i scos i ty  produced w a t e r  a l l o w s  t h e  a i r  t o  channel through it, 
SO it is not near ly  as e f f i c i e n t  a t  removing t h e  l i qu id  as a viscous 
mud system which w i l l  en t r a in  t h e  a i r  and be ca r r i ed  out  with 
the  a i r  r a the r  than being bypassed by t h e  air. The use of an 
air:mud system w a s  considered, but it was discarded f o r  t h e  following 
reasons : 
1. The volume of  produced water c i rcu la ted  out  of t h e  hole while 
d r i l l i n g  w a s  large,  and a v i s c o s i f i e r  would damage t h e  in jec t ion  
w e l l s  t h a t  had t o  dispose of t h e  produced w a t e r .  
2. The v i s c o s i f i e r  (clay) could damage t h e  w e l l  being d r i l l e d  
during those periods when c i r cu la t ion  could not be maintained. 
3. The cost of adding a v i s c o s i f i e r  t o  t h e  la rge  p a r t  of t he  
c i r cu la t ing  system t h a t  w a s  only used once w a s  prohibi t ive.  
CEMENTING AND COMPLETION PRACTICES 
S ince  w e  have j u s t  f inished d r i l l i n g  the  w e l l  with aerated 
w a t e r ,  w e  w i l l  d i s cuss  t h e  completion, and then go back t o  discuss  
t h e  cementing procedures . 
The w e l l s  are completed by hanging a 7" preperforated l i n e r  
A packer is  then set i n  the  9-5/8" casing, and a 9-5/8" tie- 
from t h e  9-5/8" casing through t h e  completion i n t e r v a l  (see FIGURE 
- 4 ) .  
back i s  t i e d  i n t o  the  9-5/8" l i n e r  and cemented back t o  t h e  surface. 
W e  f e e l  t h a t  it i s  necessary t o  run t h i s  tie-back t o  provide a 
s t r i n g  of pipe a t  t h e  surface t h a t  i s  known t o  be competent (one 
that has not been worn by the  tool  j o i n t s  or experienced corrosion 
problems). 
added safe ty  against  t he  shallow casing f a i l u r e s  which can cause 
blowouts. 
This competent s t r i n g  of pipe a t  t h e  surface provides 
The surface- completion cons i s t s  of an expansion spool, t w o  
f u l l  opening valves,  a f l o w  tee, a surveying valve,  and t w o  wing 
valves as shown i n  FIGURE 4. 
Our cementing procedures are r e l a t i v e l y  simple. As discussed 
previously,  it is  necessary t o  f u l l y  cement a l l  s t r i n g s  of pipe. 
The ac tua l  cementing is  done w i t h  a spacer followed by a f i l l e r  
cement of 1 per1 i te : l  "H" cement with 40% si l ica  f lour  and t h e  
appropriate retarders, f r i c t i o n  reducers and gel .  The f i l l e r  
cement i s  followed by a t a i l - i n  s l u r r y  of "H" cement with 40% 
si l ica  f lour .  When cementing'the t i e b a c k ,  no f i l l e r  cement i s  
used. 
have 0 free water. 
w i l l  cause t h e  inner  casing s t r i n g  t o  buckle, and while t h i s  is  
a ser ious problem t o  watch fo r  when cementing t h e  tie-back, it 
must also be kept i n  mind where the 9-5/8" casing laps  over t h e  
13-3/8" and where t h e  13-3/8" laps  over t h e  20" casing. 
It is  imperative when cementing t h e  tie-back t h a t  t h e  cement 
Any f r e e  w a t e r  trapped between casing s t r ings  
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One horror story should be s u f f i c i e n t  t o  show t h e  necessi ty  - 
of f u l l y  cementing casing, and t h e  f u t i l i t y  of t r y i n g  remedial 
measures a f t e r  t h e  problem ex i s t s .  
While d r i l l i n g  Baca #17, lost  c i r cu la t ion  w a s  encountered 
a t  1090' which resu l ted  i n  sloughing and a water en t ry  a t  about 
450'. Twenty-inch casing had been se a t  247'. After  numerous 
attempts, t h e  lost  c i r cu la t ion  a t  109 i * w a s  f i n a l l y  plugged off .  
The m a j o r  problem w a s  sloughing a t  450' which prevented ge t t i ng  
back i n t o  t h e  hole t o  plug t h e  l o s t  c i r cu la t ion  zone. The slough- 
ing  also w a s  c rea t ing  a cav i ty  a t  t h i s  depth. The 13-3/8" casing 
w a s  cemented i n  place,  but  t h e r e  w a s  no cement re turns  t o  surface.  
The annulus w a s  cemented through 1'' tubing, and w e  went on t o  
complete t h e  w e l l .  W e  decided t o  flow test t h e  w e l l  p r io r  t o  
running the  tie-back t o  make sure t h e  w e l l  w a s  good before going 
to  t h a t  expense. However, when t h e  w e l l  w a s  turned on, t h e  casing 
buckled a t  407'. Seven-inch casing w a s  run and cemented back 
t o  surface through t h e  col lapsed sect ion,  t h e  w e l l  w a s  turned 
on, and t h e  7" caing collapsed a t  407'. This horror s to ry  has 
been t o l d  t o  emphasize t h e  need t o  f u l l y  cement the  pipe i n  t h e  
hole. W e  learned our  lessons from t h e  f a i l u r e  of Baca #17 and 
successful ly  twined t h i s  w e l l  wi th  Baca #21,  which has been completed 
as a producer. 
LOGGING - 
The logging program cons is t s  of running a dual  induct ion 
log i n  t h e  1732" hole, a s u i t e  of  logs i n  t h e  12%" hole cons is t ing  
of  a f r a c t u r e  iden t i f i ca t ion  log, compensated formation densi ty ,  
a compensated neutron log, gamma ray  log, a dual  induction log 
and a temperature log. The 8-3/4" hole is  logged with an induction 
log, and compensated formation density-compensated neutron-gamma 
ray  log. The la rge  17%" hole sometimes makes it d i f f i c u l t  t o  
obta in  a good dual  induction log. There are few problems i n  t h e  
logging of the  12%'' hole.  The temperature log i s  run first to  
assure t h a t  we  can use l o w  temperature tools ,  which w e  have been 
able  t o  do. High temperature t o o l s  must be used i n  the  8-3/4" 
hole which limits t h e  t o o l s  we can run. W e  would l i k e  t o  run 
a f r ac tu re  i d e n t i f i c a t i o n  log i n  t h i s  hole, but they are not  avai l -  
able i n  a high temperature version. High temperature logs are 
avai lable ,  but not i n  New Mexico. W e  i n j e c t  water t o  cool  t h e  
hole while logging, so w e  do not have any temperature problems 
unless t h e  w a t e r  i s  not  going out  t h e  bottom. I f  t h e  water i s  
ex i t ing  high i n  t h e  hole,  t h e  t o o l s  usual ly  continue t o  function, 
but  t h e  logging cable  burns up. Consequently, we  always log going 
i n t o  the  hole  so t h a t  we  have a log i f  t h e  cable  burns up on bottom. 
Our biggest  problems are usual ly  no d i f f e r e n t  than logging normal 
temperature holes: q u a l i t y  cont ro l  and people operat ing t h e  equip- 
ment. 
u 
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REMEDIAL SCALE REMOVAL u W e l l  Baca #11 has had a calcium carbonate -scaling problem. 
The carbonate buildup had cu r t a i l ed  t h e  w e l l s  product ivi ty ,  and 
was removed i n  1976. 
under flowing condi t ions with a turbine.  The w e l l  w a s  kicked 
off  and flowed u n t i l  t h e  surface .temperature reached 32OoF, and 
then the  turb ine  w a s  run with 180 gpm of w a t e r  w h i l e  t h e  w e l l  
continued t o  flow, br inging t h e  cu t t i ngs  ou t  of t h e  w e l l .  
'The scale w a s  removed by d r i l l i n g  it out  
U S I N G  THE DATA DEVELOPED AT BACA I N  OTHER GEOTHERMAL AREAS 
The methods w e  use t o  d r i l l  and complete w e l l s  i n  Baca have ' 
direct appl icat ion t o  m o s t  every geothermal area under develop- 
ment. 
vo i r  and i n s t a l l i n g  a competent completion i n  t h a t  hole are t h e  
same for every geothermal area w e  are developing, and, therefore ,  
have w i d e  appl icat ion.  
producing formation may not have as w i d e  an appl icat ion,  but  it 
does descr ibe one of a number of a l t e rna t ive  methods for  d r i l l i n g  
w e l l s  i n t o  underpressured geothermal reservoirs .  
The basic methods of d r i l l i n g  down t o  t h e  top of t h e  reser- 
The aerated water method of d r i l l i n g  t h e  
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AVERAGE PRODUCED FLUID CHEMISTRY 
PH 
SUSPENDED 
S O L I D S ,  m g / l  
TOTAL DISSOLVED 
S O L I D S ,  m g / l  
Si02,  m g / l  
CO 3= 
HC03 
S' 
SO4= 
- 
c1- 
N a  
K 
C a  
Mg 
B a  
B 
F 
. BRINE 
UNCORRECTED FOR 
FLASH 
AVG . 
7.2 
319 
6093 
599 
1 9  
12  7 
2 
64 
3061 
174 9 
370 
15 
0.3 
0.05 
2 3  
6 
c 
(NO. OF 
SAMPLES) 
~ 
CONDENSATE 
AVG . 
4.5 
4.9 
29  
2 9  
0 
6.6 
8.6 
1.8 
1 7  
6 
1.4 
0.4 
0.2 
0.04 
0.8 
50.2 
(NO. OF 
SAMPLES) 
TABLE 1 
( f r o m  Reference 121 ) 
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AVERAGE NONCONDENSIBLE GAS CHEMISTRY 
NONCONDENSIBLE GASES I N  STEAM PHASE: 
2 . 5 1 %  BY WEIGHT ( 2 9  SAMPLES) 
1.04% BY VoLUME 
AVG. PPM AVG. PPM 
BY VOL. 
28,254 11,973 
H2 
N2 
H2 
CH4 
2 8  
1 4  
i 4 2  I 
i 
I 1.6 
125  1 2 0 4  
1 . 4  1.6 I 
TABLE 1 ( C o n t ' d )  
( f r o m  R e f e r e n c e  121) 
MUD .PROPERTIES 
Weight - 8.5 t o  9.0 #/gallon 
Funnel V i s c o s i t y  - 30 t o  38 seconds 
Plast ic  V i s c o s i t y  - 2 t o  8 cp 
Y i e l d  P o i n t  - 1 t o  1 0  # /100f t2  
G e l  S t r eng th  - 1 0  seconds: 0 t o  10 # / l O O f t ;  
10 m i n u t e s :  4 t o  2 5  # /100f t  
F l u i d  Loss C o n t r o l  - 1 0  cc A P I  t o  no control 
16-12  
*. 
. .. 
1 I 1 
OI'W 001 51 05 52 0 
'03bX3LrJ M3N 'SNIVINnOYV Z3cn13r 'V't13QlV3 
S3llV.A A0 3N1113S 31901039 lVNOi93kl 
VNOZ I tlV 
0 
i 
SOUTH 
A 
- 
4wb - 
- sIOL.r*- + + 
-,m*- + + 
VIRGIN 
MESA 0 
wm' 
-am' 
sa- 
--am' 
JEMEZ 
+ + + & + +  
PC 
+ + e + + + + + +  ""-1 Low' 
Ip.lvanrmwollt. rn5ardORMblOn.aa 
Lek* Sld-NMI Abiwk, l u l l  a Cddwo FII) I T u w I b r y  I?)- a - C ~ M  a w n  Ipu.cyI~om~o*, WMW 
O I W C  Tvll ItCCt]P".CM,lan HOR ~ V E W  SCALE IZIZLOOO 
- 7 KILOMETERS 0 2  
BANCO 
BONITO 
RING FRACTW 
ZONE 
m u n  
UNKm OIL COMCINl Of  CMIFORNIA 
GEOTWERYU MVlSlON 
CROSS SECTIONS 
THROUGH VALLES CALDERA 
(MODIFIED AFTER I h S G S  MAC 1-5'711 
NORTH 
A' 
4 4  
+ +  
PC 
-1 t , / t ' I +  + + t t t t + t + J-@ 
SOUTH - NORTH CROSS. SECTION 
FIGURE 2 
(from Reference [ 2 1 )  
\ 
D
EP
TH
 (
FE
ET
I 
EL
EU
PT
lQ
W
 A
S
L.
FE
E
I 
.
.
 
,
:
 
1 
.
-
 
SCHEMATIC 
.._ 
16-16 
TWO MASTER VALVES 
EXPANSION SPOOL 
3" WING VALVES 
I 
h . :I 
;. : . . .   .  
I >.-- 26" HOLE . .  . 
t .' .  : 9 s/8" TIE8ACK .. . .. - 20" . ...  
.. 
I 
83/4" HOLE 
I 
I- 
t 
I 
I- 7" SLOTTED PRODUCTION LtNER 
FIGURE 4 
DIAGRAM OF BACA COMPLETION 
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TO FLOW SEPARATOR - ON PITS 
BANJO BOX 
DOUBLE B.O.P. WITH 
PIPE 8 BLIND RAMS , 
ROTATING HEAD 
SECOND SET 
DOUBLE B.O.P. WITH 
PIPS: If BLIND RAMS 
i 
i 
; u  
W 
FIGURE 5 
SCHEMATIC DIGRAM OF B.O.P. STACK 
AT BACA 

